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(54) Organic electroluminescence element 

(57) An organic electroluminescence element has 
an anode, a hole transport layer, a light emitting layer 
made of organic compounds, an electron transport layer 
and a calhode. The light emitting layer comprises an or- 
ganic host material having an electron transport capa- 
bility and an organic guest material of phosphorescent 



material. An ionization potential energy of the organic 
host material is higher than that of the hole transport 
layer. The difference in the ionization potential energy 
between the organic host material of the light emitting 
layer and the hole transport layer is in a range from 0.4 
eVtoO.BeV. 
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Description 

BACKGROUND OF THE INVENTION 
5 1. Technical Field 

[0001] The present invention relates to an organic electroluminescence element (hereinafter also referred to as the 
"organic EL element") which utilizes the electroluminescence (hereinafter also referred to as the "EL") of organic com- 
pounds which emit light in response to a current injected thereinto, and has a light emitting layer formed of a laminate 
10 of such materials. 

2. Description of the Related Art 

[0002] Generally, each of the organic EL elements constituting a display panel using organic materials comprises 
15 an anode as a transparent electrode, a plurality of organic material layers including an organic light emitting layer, and 
a cathode comprised of a metal electrode, which are laminated as thin films in this order on a glass substrate as a 
display surface. The organic material layers include, in addition to the organic light emitting layer, a layer of a material 
having the hole transport capability such as a hole injection layer and a hole transport layer, a layer of a material having 
the electron transport capability such as an electron transport layer and an electron injection layer, and so on. Organic 
20 EL elements comprising these layers are also proposed. The electron injecting layer also contains an inorganic com- 
pound. 

[0003] As an electric field is applied to the laminate organic EL element including an organic light emitting layer and 
an electron or hole transport layer, the holes are injected from the anode, while electrons are injected from the cathode. 
The electrons and the holes are recombined in the organic light emitting layer to form excitons. The organic EL element 
25 utilizes light which is emitted when the excitons return to a base state. In some cases, a pigment may be doped into 
the light emitting layer for improving the efficiency of light emission and stably driving the element. 
[0004] Recently, it is suggested that phosphorescent materials are used for the light emitting layer of the organic EL 
element in addition to fluorescent materials. 

[0005] It is expected that the ratio of production of singlet and triplet excited states is 1 :3 because the EL element 
30 using phosphorescence may achieve an high light efficiency as three or four times of the device using fluorescence. 
[0006] On the other hand, for improving the low power consumption nature, light emission efficiency, and driving 
stability of the organic EL element, it has been proposed to provide a hole blocking layer between the organic light 
emitting layer and the cathode for limiting the migration of holes from the organic light emitting layer. Efficient accu- 
mulation of holes in the light emitting layer with the aid of the hole blocking layercan result In an improved recombination 
35 probability with electrons, and a higher light emission efficiency. A report has been made that single use of a phenan- 
throline derivative or a triazole derivative is effective as a hole blocking material (see Japanese Patent Application 
Kokai Nos. Hei 8-109373 and Hei 10-233284). 

[0007] There is an organic EL element utilizing emission of phosphorescence. The conventional organic EL element 
comprises a light emitting layer including a material having a hole transport capability as a host material; and a hole 

40 blocking layer disposed at the side of the cathode adjacent to the light emitting layer and having an ionization potential 
energy higher than that of the light emitting layer's host material, for example, a phenanthroline derivative such as 
2,9-dimethyl-4,7-diphenyl-, 1,1 0-phenathroline: BCP, or an aluminum chelate such as ((1 ,1 '-biphenyl)-4-olato)bis(2-me- 
thyl-8-quinolinolato Nl, 08) aluminum: BAIq. When BCP is used for the hole blocking layer, there is a drawback in that 
the driving lifetime of the organic EL element is very short although the early emission property thereof is good. There 

45 is no material for the hole blocking layer having both of an excellent durability and a high ionization potential energy 
enough to block holes in the actual situation at the present time. 

[0008] Although BAIq has an excellent durability but not a sufficient hole blocking capability because of a less than 
a high ionization potential energy. In fact, when an organic EL element utilizing the hole blocking layer of BAIq and the 
electron transport layer of tris(8-hydroxyquinolato Nl, 08) aluminum: Alq3 is driven, the electron transport layer emits 
50 green light. If such an organic EL element utilizes phosphorescence for red emission, the green light emitted from Alq3 
influences chromatic deterioration itself so that red emission changes into orange. 

[0009] While the provisions of an organic phosphorescent material light emitting layer and a hole blocking layer is 
effective for increasing the light emission efficiency of the organic EL element, a longer lifetime of the element is re- 
quired. There is a need for a highly efficient organic electroluminescence element which continuously emits light at a 
55 high luminance with a less current 
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OBJECT AND SUMMARY OF THE INVENTION 



w 



15 



20 



[001 0] It Is an object of the present invention to provide an organic EL element having effectiveness in prolonqinq 
lifetime. a a 

[0011] An organic electroluminescence element according to the present invention comprises: an anode, a hole 
transport layer, a light emitting layer made of organic compounds, an electron transport layer and a cathode charac- 
terized 

in that said light emitting layer comprises an organic host material having an electron transport capability and an 
organic guest material of phosphorescent material; 

and ' n thQt 80 ' 0nlZati0n potential energy of said or S anlc host material is higher than that of said hole transport layer; 

in that the difference in the ionization potential energy between said organic host material of said light emitting 
layer and said hole transport layer is in a range from 0.4 eV to 0.8 eV. 

[0012] In one aspect of the invention, the organic electroluminescence element further includes a hole injecting layer 
disposed between said anode and said hole transport layer. 

[0013] In another aspect of the invention, the organic electroluminescence element further includes an electron in- 
jecting layer disposed between said cathode and said electron transport layer. 

[0014] In a further aspect of the organic electroluminescence element of the invention, said hole transport layer 
comprises a triphenylamine derivative, said organic host material comprises an aluminium chelate complex represented 
by a general formula (A) 



25 



30 




:. A I -0-L (A) 



40 



45 



wherein R2 denotes an alkyl, oxy, amino or hydrocarbon substituent having at least 1 carbon atom, carbon atom being 
1 to 10 in any one hydrocarbon moiety, 

R3 to R7 independently denote a hydrogen atom, alkyl, oxy, amino or hydrocarbon substituent having at least 1 
carbon atom, carbon atom being 1 to 10 in any one hydrocarbon moiety, 

R5, R6 and R7 are selected from a group comprises of cyano, halogen, and a-haloalkyl, ot-haloaikoxy amido 
sulfonyl, carbonyl, carbonyloxy and oxycarbonyl substituents containing up to 1 0 carbon atoms, 

L denotes one of formulae (B) represented below 
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wherein R8 to R12 independently represent hydrogen or hydrocarbon groups of from 1 to 12 carbon atoms, with the 
proviso that R8 and R9 together or R9 and R1 0 together can form a fused benzo ring, 

R13 to R27 independently represent hydrogen or hydrocarbon groups of from 1 to 12 carbon atoms, with the 
proviso that R13 and R14 or R14 and R15 can form a fused benzo ring, R18 and R19 or R19 and R20 can form a 
fused benzo ring, and R23 and R24 or R24 and R25. 

[001 5] In a still further aspect of the organic electroluminescence element of the invention, said hole transport layer 
comprises 4,4'bis(N-(naphthyl)-N-phenylamino)biphenyl, said organic host material comprises ((1 ,1 '-biphenyl)-4-olato) 
bis(2-methyl-8-quinolinolato Nl, 08) aluminum. 

[0016] In a still further aspect of the organic electroluminescence element of the invention, said hole transport layer 
comprises 4,4 , bis(N-(naphthyl)-N-phenylamino)biphenyl, said organic host material comprises bis(2-methyl-8-hydrox- 
yquinolinato) gallium chloride. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 



Figs. 1 to 3 are cross-sectional diagrams each schematically illustrating an organic EL element in embodiments 
according to the present invention; and 

Figs. 4 and 5 are graphs each showing a luminance property vs. passage of driving time of the EL element of the 
embodiment according to the present invention. 

45 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0018] An embodiment of the present invention will hereinafter be described with reference to the accompanying 
drawings. 

[0019] An organic EL element according to the present invention basically comprises an anode 2, a hole transport 
layer 3, a light emitting layer 4, an electron transport layer 6 and a cathode 7 as illustrated in Fig. 1 . For example, a 
transparent anode 2; a hole transport layer 3 made of an organic compound; a light emitting layer 4 made of an organic 
compound; an electron transport layer 6 made of an organic compound; and a cathode 7 made of a metal having a 
low work function are laminated in this order on a transparent substrate 1 such as glass, so that an organic EL element 
is completed. The light emitting layer 4 of the organic EL element according to the embodiment of the present invention 
comprises of an organic host material made of at least one organic compound having an electron transport capability 
and a guest material made of at least one organic phosphorescent material doped into the host material. The organic 
host material of the light emitting layer 4 has an ionization potential energy (Ip) higher than that of the organic compound 
used for the hole transport layer 3 so that the difference in the ionization potential energy between the organic host 
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material of the light emitting layer 4 and the hole transport layer 3 is in a range from 0.4 eV to 0.8 eV. In the light emitting 
layer 4, one of the organic guest materials is preferably doped in a proportion ranging from 4 to 10 % in weight per- 
centage to all materials contained therein. 

[0020] In a concrete example of the organic EL element, the anode is made of ITO; the hole transport layer is made 
5 of 4,4 , bis(N-(naphthyl)-N-phenyl-amino)biphenyl: NPB (Ip = 5.4 eV); the host material of the light emitting layer is made 
of ((1 ,1'-biphenyl)-4-olato)bis(2-methyl-8-quinolinolato Nl, 08) aluminum: BAIq (Ip = 5.9 eV); and Ihe electron transport 
layer is made of Alq3; and the cathode is made of aluminum. 

[0021] In addition to the foregoing structure, another organic EL element may have a structure which includes an 
electron injecting layer 7a of Li 2 0 or the like laminated or deposited as a thin film between the electron transport layer 

10 6 and the cathode 7, as illustrated in Fig. 2. 

[0022] In addition to the structure of the organic EL element above mentioned, other embodiments include an organic 
EL element further comprising a hole injecting layer 3a disposed between the anode 2 and the hole transport layer 3 
as shown in Fig. 3. The hole injecting layer 3a may be made of copper phthalocyanine (so-called CuPc) included in 
porphyrin derivatives having a hole transport capability. 

15 [0023] As the cathode 7, there may be used a metal which has a small work function, for example, aluminum, mag- 
nesium, indium, silver, and alloys thereof, and a thickness in a range of approximately 100 to 5000 angstroms! Also, 
as the anode 2, there may be mentioned a conductive material which has a large work function, for example, indium 
tin oxide (hereinafter abbreviated as "ITO"), and a thickness in a range of approximately 300 to 3000 angstroms, or 
gold of approximately 800 to 1 500 angstroms in thickness. It should be noted that when gold is used as an electrode 

20 material, the electrode is translucent. Either the cathode or the anode may be transparent or translucent. 

[0024] In the embodiments, the substance contained in the hole transport layer 3 having the hole transport capability 
may be selected from materials represented by the following chemical formulae (1) - (26) including triphenylamine 
derivatives. 
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[0025] The organic host material having the electron transport capability which is a major component of the light 
emitting layer 4 is selected as a material whose ionization potential (Ip) is higher than that of the organic compound of 
so the hole transport layer 3 by a difference ranging from 0.4 eV to 0.8 eV. Such an organic host material may be selected 
from materials represented by the following chemical formulae (27) - (45). 
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[0026] In the above formulae, Bu represents a butyl group; and t-Bu represents a tert-butyl group. 
[0027] In the embodiments, the organic host material contained in the light emitting layer 4 having the electron trans- 
45 port capability also may be selected from aluminium chelate complexes or coordination complexes represented by a 
general formula (A) 
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wherein R2 denotes an alkyl, oxy, amino or hydrocarbon substituent having at least 1 carbon atom, carbon atom being 
1 to 1 0 in any one hydrocarbon moiety, 

R3 to R7 independently denote a hydrogen atom, alkyl, oxy, amino or hydrocarbon substituent having at least 1 
carbon atom, carbon atom being 1 to 10 in any one hydrocarbon moiety, 

R5, R6 and R7 are selected from a group comprises of cyano, halogen, and a-haloalkyl, a-haloalkoxy, amido, 
sulfonyl, carbonyl, carbonyloxy and oxycarbonyl substituents containing up to 10 carbon atoms, 

L denotes one of formulae (B) 
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wherein R8 to R12 independently represent hydrogen or hydrocarbon groups of from 1 to 12 carbon atoms, with the 
proviso that R8 and R9 together or R9 and R10 together can form a fused benzo ring, 
55 R13 to R27 independently represent hydrogen or hydrocarbon groups of from 1 to 12 carbon atoms, with the 

proviso that R13 and R14 or R14 and R15 can form a fused benzo ring, R18 and R19 or R19 and R20 can form a 
fused benzo ring, and R23 and R24 or R24 and R25. 

[0028] In the aluminum chelates whose ionization potential (Ip) is higher than that of the organic compound of the 
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hole transport layer 3 by a difference ranging from 0.4 eV to 0.8 eV : the organic host material may be selected from 
materials represented by the following chemical formulae (46) - (B1). 
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[0029] In further embodiments, the organic host material contained in the light emitting layer 4 having the electron 
transport capability also may be selected from materials represented by the following chemical formulae (82) - (90) or 
phenanthroline derivatives. 



40 



NSDOCIO: <EP 130B494A2 J_> 



EP 1 308 494 A2 



5 



10 



15 



20 



25 



30 



35 



40 



45 



50 




41 

iNSDOCID: <EP 1308494A2_I_> 



EP 1 308 494 A2 




3NSOOCID: <EP 1308494A2_I_> 



EP 1 308 494 A2 




15 [0030] The organic guest material of phosphorescence included in the light emitting layer 4 is, for example, 
2,3, 7,8, 12,13, 17,18-octaethyl-21H,23H-porphine platinum (II), tris(2-phenylpyridine)iridium, bis(2-(2'-benzo[4,5-a] 
thienyl)pyridinato-N, C3)iridium and the like. 

[0031 ] In the embodiments, the substance used for the electron transport layer 6 may be selected from the foregoing 
organic compound materials represented for the organic host material having the electron transport capability. 

20 

EXPERIMENT 1> 



[0032] Samples of several organic EL elements were specifically made for evaluating the characteristics thereof. 
[0033] The respective samples were manufactured in such a manner that NPB is used for each hole transport layer, 
25 and Alq3 is used for each electron transport layer, and in that various host materials were used for the respective light 
emitting layers. The respective thin films of Samples or embodiments were laminated on a glass substrate formed with 
an anode made of ITO having a thickness of 1100 A by a vacuum deposition method at the degree of vacuum of 5.0 
x 10 _6 Torr. 

[0034] First, for Sample 1 , NPB was formed in a thickness of 800 A on the ITO anode as a hole transport layer at 

30 the deposition rate of 3 A/sec. 

[0035] Next, a host material of Alq3 and a guest material of red phosphorescent substance (hereinafter referred to 
as the " Dopant A ") were co-evaporated from different evaporation sources in a thickness of 475 A on the hole transport 
layer as a light emitting layer. In this event, the concentration of Dopant A in the light emitting layer was 7 wt.%. 
[0036] Subsequently, on the light emitting layer, Alq3 was deposited as an electron transport layer in a thickness of 

35 300 A al the deposition rale or 3 A/sec. 

[0037] Further, on the electron transport layer, lithium oxide (Li 2 0) was deposited as an electron injecting layer in a 
thickness of 5 A at the deposition rate of 0.1 A/sec, and then aluminum (Al) was laminated on the electron injecting 
layer as an electrode in a thickness of 1000 A at the rate of 10 A/sec to complete an organic light emitting element of 
Sample 1 . 

ao [0038] Another organic EL element of Sample 1 was also manufactured in a similar manner to Sample 1 except that 
the light emitting layer and the electron transport layer were formed in thicknesses of 625 A and 150 A respevtively. 
[0039] Furthermore, Samples 2 - 5 were also manufactured in a similar manner to Sample 1 except that various host 
materials light were used for the emitting layers. The following Table 1 shows the host materials of the emitting layers, 
the layered structure (LS) of thickness, chromaticity coordinates (CHRO), luminance (LU), quantum yield (QY) and 

45 driving voltage (DV) corresponding to Samples 1 - 5 together with ionization potential energy (Ip). 
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[0040] The light emitting layer of Sample 1 contains the host material of Alq3 (Ip = 5.7 eV). In this Sample, since the 
difference in the ionization potential energy between NPB and Alq3 is smaller than 0.4 eV, so that holes easily pass 
through the light emitting layer to reduce the generation efficiency for excitons. Therefore, the emission efficiency of 
this sample is insufficient. 

20 [0041] With respect to Samples 2 and 3, the light emitting layer of Sample 2 contains the host material of BAIq (Ip 
= 5.9 eV). The light emitting layer of Sample 3 contains the host material of (2-methyl-8-hydroxyquinolinato) gallium 
chloride: GaqMe2CI (Ip = 6.1 eV). Both the Samples have excellent emission efficiencies. In comparison with Samples 
having the light emitting layers with thicknesses of 475 A and 625 A in Samples 2 and 3 respectively, the 625 A samples 
have high values in the luminance and the quantum yield. As seen from this fact, it is estimated that the emission 

25 region in the light emitting layer lies at least 475 A or more in thickness. 

[0042] The light emitting layer of Sample 4 contains the host material of BCP (Ip = 6.4 eV). The light emitting layer 
of Sample 5 contains the host material of 1 ,3-bis(2-(4tert-butylphenyl)-1 ,3,4-oxadiazol-5-yl)benzene: OXD-7 (Ip = 6.5 
eV). In both the Samples 4 and 5, since the difference in the ionization potential energy between NPB and the host 
material is larger than 0.8 eV, the emission efficiencies of these samples are insufficient. Therefore, it is assumed that 

30 such a large difference of ionization potential energy between NPB and the host material restricts the emission region 
adjacent to the interface of NPB in the light emitting layer. Since NPB serves as a deactivator for phosphorescence 
(triplet excitons). Samples 4 and 5 have low values in the luminance and the quantum yield in comparison with Samples 
2 and 3. 

[0043] Since NPB has Ionization potential energy of 5.4 eV, Samples 2 and 3 correspond to the embodiment of the 
35 present invention, and Samples 1 , 4 and 5 correspond to the Comparatives. 

EXPERIMENT 2> 

[0044] For another embodiment, a NPB hole transport layer (600 A thick), a light emitting layer having BAIq host 
40 material and Dopant A (300 A thick), an Alq3 electron transport layer (650 A thick), a Li 2 0 electron injecting layer (5 
A thick), and an Al electrode 1000 A were in turn layered on the ITO anode formed on a substrate to complete an 
organic EL element. This embodiment is hereinafter abbreviated as "HostBAIq element". 

[0045] For Comparative 1 , a NPB hole transport layer (600 A thick), a light emitting layer having CBP host material 
and Dopant A (300 A thick), a BCP hole blocking layer (1 00 A thick), an Alq3 electron transport layer (650 A thick), a 

45 Li 2 0 electron injecting layer (5A thick), and an Al electrode 1 000 A were in turn layered on the ITO anode formed on 
a substrate to complete an organic EL element. The Comparative 1 is hereinafter abbreviated as "HBLBCP element". 
In addition, the CBP host material in the light emitting layer is 4,4'N,N'-dicarbazol-biphenyl. Furthermore, Comparative 
2 of an organic EL element was manufactured in a similar manner to Comparative 1 except that the BCP hole blocking 
layer (100 A thick) was replaced with a BAIq hole blocking layer (100 A thick). The Comparative 2 is hereinafter ab- 

50 breviated as "HBLBAIq element". 

[0046] The following Table 2 shows luminance properties of the embodiment of Host:BAlq element, Comparative 1 
of HBLBCP element and Comparative 2 of HBL:BAIq element. In addition, Fig. 4 shows the driving lifetime character- 
istics of the foregoing elements under the condition of application of 2.5 mA/cm 2 . 

55 
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Table 2 
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0.680 


0.319 


179.1 


8.55 


6.51 


H B L: B CP 
H B L: B Alq 


0.683 
0.662 


0.317 
0.328 


204.0 
202.0 


10.76 
9.60 


6.52 
6.21 
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[0047]' As apparent from Table 2, the Host:BAIq element is inferior to Comparative by 1 0 % in the emission efficiency 
(quantum yield) . However, as apparent from Fig. 4, the Host:BAIq element has the driving lifetime about 20 times as 
large as Comparative 1 of the HBL:BCP element having the BCP hole blocking layer. Also, the HosfcBAIq element has 
the driving lifetime about 3 times as large as Comparative 2 of the HBLBAIq element having the BAtq hole blocking layer. 

15 

EXPERIMENT 3> 

[0048] A further embodiment of an organic EL element was manufactured as a second Host:BAIq element in a similar 
manner to the Host: BAIq element except that red phosphorescent material of 2,3,7,8,1 2,1 3,1 7,1 8-octaethyl-21 H.23H- 

20 porphine platinum (II) (hereinafter referred to as the "Dopant B") was used instead of Dopant A. Namely, the second 
Host:BAIq element was manufactured in a manner that a NPB hole transport layer (900 A thick), a light emitting layer 
having BAIq host material and Dopant B (325 A thick), an Alq3 electron transport layer (550 A thick), a Li 2 0 electron 
injecting layer (5 A thick), and an Al electrode 1000 A were in turn layered on the ITO anode formed on a substrate. 
[0049] Furthermore, a still further embodiment of an organic EL element was also manufactured in a similar manner 

25 to the second Host: BAIq element except that a host material is GaqMe2CI used in Sample 3 of EXPERIMENT 1 and 
a guest material is Dopant B. This embodiment is hereinafter abbreviated as "Host:GaqMe2CI element". Namely, the 
Host:GaqMe2CI element was manufactured in a manner that a NPB hoie transport layer (900 A thick), a light emitting 
layer having GaqMe2CI host material and Dopant B (325 A thick), an Alq3 electron transport layer (550 A thick), a Li 2 0 
electron injecting layer (5 A thick), and an Ai electrode 1000 A were in turn layered on the ITO anode formed on a 

30 substrate. 

[0050] In addition, Comparative 3 of an organic EL element was manufactured in such a manner that the hole blocking 
layer provided between the light emitting layer and the electron transport layer. Namely, the Comparative 3 was man- 
ufactured in a manner that a NPB hole transport layer (600 A thick), a light emitting layer having CBP host material 
and (300 A thick), a BCP hole blocking layer (1 00 A thick), an Alq3 electron transport layer (650 A thick), a Ll 2 0 electron 

35 injecting layer (5 A thick), and an Al electrode 1000 A were in turn layered on the ITO anode formed on a substrate. 
This Comparative 3 is hereinafter abbreviated as "HBL:BCP element". Furthermore, Comparative 4 of an organic EL 
element was manufactured in a similar manner to Comparative 3 except that the BCP hole blocking layer was replaced 
with a BAIq hole blocking layer. The Comparative 4 is hereinafter abbreviated as "HBLBAIq element". 
[0051] The following Table 3 shows luminance properties of the embodiments of Host: BAIq element and Host: 

40 GaqMc2CI clement and Comparative 3 of HBL:BCP element and Comparative 4 of HBLBAIq element. 



Table 3 
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0.684 


0.301 


50.1 


5.97 


7.05 


Host:GaqMe2CI 


0.701 
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42.9 


5.49 


7.68 
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0.72 


0.28 


71.5 


8.46 


8.29 


HBL.BAIq 


0.608 


0.359 


95.8 


7.02 


8.12 



[0052] As apparent from Table 2, the embodiments of the Host:BAIq element and Host:GaqMe2CI element had levels 
of efficiency (quantum yield) reduced by 30 % in comparison to Comparatives. However, the embodiments of organic 
EL elements maintained the level of red emission in NTSC standard coordinates as contrast with Comparatives emitting 
orange light. Comparative 4 of HBL:BAIq element having the BAIq hole blocking layer has a chromaticity of CIEx = 
0.608 and CIEy = 0.359. 

[0053] In addition, Fig. 5 shows the driving lifetime characteristics of the embodiment of Host:BAIq element under 
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15 



the condition of application of 7.5 nriA/cm 2 , and also, Comparatives 3 and 4 under the condition of application of 5.0 
mA/cm 2 . As apparent from Fig. 5, the embodiment of Host:BAIq element comprising the light emitting layer having the 
BAiq host material has an excellent driving lifetime keeping the 97% initial luminance for 1 700 hours. 
[0054] According to the present invention of the organic EL element utilizing phosphorescence, since the organic 
host material of the light emitting layer thereof has an ionization potential energy higher than that of the organic com- 
pound used for the hole Iransport layer so that the difference in the ionization potential energy between the organic 
host material of the light emitting layer and the hole transport layer is in a range from 0.4 eV to 0.8 eV, the organic EL 
element has a long driving lifetime keeping the luminance characteristics. 

[0055] According to the present invention, one of evaporation depositing step for the organic layers of the organic 
EL element may be omitted or the evaporation of the hole blocking layer is unnecessary, although it is necessary and 
indispensable for the conventional organic EL element the hole blocking layer. 

[0056] It is understood that the foregoing description and accompanying drawings set forth the preferred embodi- 
ments of the invention at the present time. Various modifications, additions and alternative designs will, of course, 
become apparent to those skilled in the art in light of the foregoing teachings without departing from the spirit and 
scope of the disclosed invention. Thus, it should be appreciated that the invention is not limited to the disclosed em- 
bodiments but may be practiced within the full scope of the appended claims. 
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Claims 



1. An organic electroluminescence element comprising: 



25 



30 



an anode; a hole transport layer; a light emitting layer made of organic compounds; an electron transport layer; 
and a cathode, 

wherein said light emitting layer comprises an organic host material having an electron transport capability 
and an organic guest material of phosphorescent material; 

wherein an ionization potential energy of said organic host material is higher than that of said hole transport 
layer; and 

wherein the difference in the ionization potential energy between said organic host material of said light 
emitting layer and said hole transport layer is in a range from 0.4 eV to 0.8 eV. 



35 



2. An organic electroluminescence element according to claim 1 , further comprising a hole Injecting layer disposed 
between said anode and said hole transport layer. 

3. An organic electroluminescence element according to claim 1 or 2, wherein said hoie transport layer comprises a 
triphenylamine derivative, said organic host material comprises an aluminium chelate complex represented by a 
general formula (A) 



40 
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Al-O-L 



(A) 
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wherein R2 denotes an alkyl, oxy, amino or hydrocarbon substituent having at least 1 carbon atom, carbon atom 
being 1 to 10 in any one hydrocarbon moiety, 

R3 to R7 independently denote a hydrogen atom, alkyl, oxy, amino or hydrocarbon substituent having at 
least 1 carbon atom, carbon atom being 1 to 10 in any one hydrocarbon moiety, 
5 R5, R6 and R7 are selected from a group comprises of cyano, halogen, anda-haloalkyl,cc-haloalkoxy, amldo, 

sulfonyl, carbonyl, carbonyloxy and oxycarbonyl substituenls containing up to 10 carbon atoms, 

L denotes one of formulae (B) 



w 
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30 

wherein R8 to R12 independently represent hydrogen or hydrocarbon groups of from 1 to 12 carbon atoms, with 
the proviso that R8 and R9 together or R9 and R1 0 together can form a fused benzo ring, 

R13 to R27 Independently represent hydrogen or hydrocarbon groups of from 1 to 12 carbon atoms, with 
the proviso that R13 and R14 or R14 and R15 can form a fused benzo ring, R18 and R19 or R19 and R20 can 
35 form a fused benzo ring, and R23 and R24 or R24 and R25. 

4. An organic electroluminescence element according to any one of preceding claims 1-3, further comprising an 
electron injecting layer disposed between said cathode and said electron transport layer 

40 5. An organic electroluminescence clement according to any one of preceding claims 1 , 2 and 4, wherein said hole 
transport layer comprises 4,4 , bis(N-(naphthyl)-N-phenyl-amino)biphenyl, said organic host material comprises 
((1,1'-biphenyl)-4-olato)bis(2-methyl-8-quinolinolato Nl, 08) aluminum. 

6. An organic electroluminescence element according to any one of preceding claims 1 , 2 and 4, wherein said hole 
45 transport layer comprises 4,4 , bis(N«(naphthyl)-N-phenyl-amino)biphenyl, said organic host material comprises bis 

(2-methyl-8-hydroxyquinolinato) gallium chloride. 
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FIG. 3 
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